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Abstract 

FARP  operations  were  developed  to  reduce  the  time  between  turns  for  helicopters  while 
conducting  missions.  The  FARP  has  proven  to  save  time  and  increase  the  time  on  target  for  each 
aircraft  sortie.  This  time  saving  FARP  configuration  has  been  used  by  aviation  units  for  many 
years.  While  in  many  cases  the  FARP  setup  is  determined  based  on  several  factors,  typically  a 
thorough  analysis  is  not  completed  to  determine  the  best  configuration  for  the  FARP.  A  FARP 
may  not  provide  adequate  points  to  meet  mission  turn  around,  or  maybe  a  FARP  has  too  many 
points,  increasing  the  FARP  footprint  and  increasing  its  vulnerability.  Detennining  the  optimal 
FARP  configuration  could  provide  substantial  benefits  to  FARP  operations. 

The  research  showed  that  the  throughput  of  the  FARP  is  dependent  on  several  different 
variables.  In  most  cases,  the  throughput  of  the  FARP  increased  with  increases  in  points,  aircraft 
and  enemy.  However,  the  research  showed  that  the  FARP  as  a  system  becomes  constrained 
eventually  by  service  time  and  the  FARP  reaches  a  maximum  throughput  in  a  24-hour  period. 
Understanding  this  maximum  capacity  can  help  a  planner  determine  how  many  FARPs  would  be 
needed  for  different  mission  sets. 

This  research  also  provided  planning  charts  which  could  be  used  for  actual  mission 
planning  and  it  provided  a  model  in  which  the  planning  factors  could  be  changed  to  produce  new 
charts  which  could  be  used  for  mission  planning. 
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PERFORMANCE  EVALUATION  OF  A  FORWARD  ARMING  AND  REFUELING 


POINT  (FARP)  USING  DISCRETE  EVENT  SIMULATION 


I.  Introduction 


Background 

The  United  States  Anny  relies  heavily  on  the  flexibility  and  maneuverability  of  its 
aviation  assets  on  the  modem  battlefield.  Army  Aviation  assets  participate  in  combat,  combat 
support  and  combat  service  support  operations.  During  combat  operations,  the  Army  attack 
helicopters  can  participate  in  both  close  and  deep  combat  operations.  These  operations  play  an 
important  role  in  the  ground  combatant  commander’s  ability  to  shape  the  battlefield. 

During  close  operations,  aviation  units  play  a  supporting  role  for  the  ground  combat 
units.  An  aviation  unit  may  provide  flank  security,  serve  as  reconnaissance,  identify  targets,  or 
destroy  specific  targets  (FM  1-100,  1997).  There  are  no  other  assets  on  the  battlefield  which  can 
fulfill  such  a  wide  role  for  commanders  to  utilize.  During  the  recent  operations  in  Iraq,  attack 
aviation  units  conducted  close  combat  operations  prior  to  the  ground  combat  commander’s 
maneuver.  This  close  combat  role  added  another  dimension  for  aviation  units  to  provide  during 
offensive  operations  (3ID  AAR,  2003). 

Attack  aviation  units  are  typically  successful  in  deep  attack  operations.  These  operations 
provide  direct  fire  capability  on  targets  deep  into  enemy  territory.  During  the  initial  phases  of 
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Operation  Iraqi  Freedom  the  3rd  Infantry  Division  aviation  brigade  conducted  deep 
attacks  on  the  Iraqi  Medina  Division  forces.  These  attacks  paved  the  way  for  follow-on 
operations  (3ID  AAR,  2003). 


Figure  1-1:  Diagram  of  a  Forward  Arming  and  Refueling  Point  (FARP) 


In  order  for  these  aviation  operations  to  be  conducted  they  must  be  closely  supported.  In 
many  cases  these  operations  are  conducted  miles  away  from  the  aviation  unit’s  base.  This  base 
moves,  repositioning  as  combat  operations  progress  forward.  However,  this  base  is  typically 
located  in  the  rear  of  the  division  boundary.  If  helicopters  had  to  fly  from  the  forward  edge  of 
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the  battlefield  (FEBA)  to  the  unit’s  base  for  fuel  and  armament  re-supply,  valuable  time  would 
be  wasted  (FM  1-111,  1997).  To  reduce  the  turn  around  time  between  refueling  and  reanning, 
Forward  Anning  and  Refueling  Points  (FARP)  are  established  (figure  1-1).  A  FARP  may  be 
located  just  a  mile  or  two  behind  the  FEBA. 

A  FARP  is  a  small  team  of  soldiers  and  equipment  which  refuel  and  rearm  helicopters. 
The  number  of  soldiers  and  the  amount  of  equipment  per  team  is  determined  by  the  number  of 
points  the  FARP  will  have.  A  typical  FARP  is  made  up  of  four  points  or  pads  (figure  1).  In 
some  cases  it  may  have  only  two  points  but  usually  not  more  than  eight. 

Each  point  uses  five  soldiers.  Two  soldiers  perform  refueling  operations  while  three 
soldiers  reann  the  helicopters.  The  entire  refueling  system  is  setup  and  all  pads  are  stocked  with 
rockets  and  missiles  prior  to  the  arrival  of  any  helicopters. 

There  are  several  different  types  of  refueling  systems  which  can  be  used  to  setup  a  FARP. 
Many  units  typically  use  the  HEMTT  Tactical  Aviation  Refueling  System  (HTARS).  This 
system  consists  of  a  series  of  hoses,  nozzles  and  couplings  which  attach  to  a  Heavy  Expandable 
Mobility  Tactical  Truck  (HEMTT).  The  HEMTT  fueler  has  a  2500-gallon  capacity,  a  filter 
separator  and  a  350-gallon  per  minute  pump.  Another  system  used  to  perfonn  FARP  operations 
is  the  Forward  Area  Refueling  Equipment  (FARE)  system.  This  system  uses  a  separate  pump, 
filter  separator,  hoses  and  500-gallon  fuel  blivets.  This  system  and  its  fuel  blivets  can  be  air 
lifted  into  remote  areas  (FM  10-67-1,  1998). 

During  FARP  operations,  the  FARP  officer  in  charge  (OIC)  directs  air  traffic.  As  points 
become  open  the  OIC  directs  helicopters  into  open  points  through  radio  communication. 
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Helicopters  waiting  to  be  refueled  will  hover  in  a  holding  area  or  will  be  directed  to  fly  in  a 
holding  pattern.  Typically,  four  helicopters  will  enter  and  leave  the  FARP  at  the  same  time. 

As  helicopters  enter  the  points,  the  FARP  team  waits  until  all  helicopters  have  landed  and 
turned  off  their  anti-collision  lights.  These  lights  signal  the  helicopters  are  ready  for  refuel.  At 
this  time  all  teams  proceed  to  their  point.  Each  team  proceeds  down  a  line  behind  the 
helicopters.  Once  all  teams  are  lined  up  behind  their  FARP  pad  all  teams  will  move  toward  the 
helicopters  at  the  same  time.  Each  team  approaches  the  helicopter  at  an  angle  avoiding  the  rear 
rotor.  Different  models  have  their  refueling  ports  on  different  sides.  AH-64  refueling  ports  are 
on  the  right  side  while  UH-60  ports  are  on  the  left.  Depending  on  which  side  the  refueling  port 
is  located  the  teams  will  approach  the  aircraft  from  the  side  of  the  refueling  port.  This  difference 
in  location  of  the  refueling  port  requires  FARP  planners  to  know  what  types  of  aircraft  will  be 
refueled.  Due  to  the  aircraft  landing  on  one  side  of  a  point  versus  the  other  and  differences  in 
sizes  of  aircraft  appropriate,  distances  must  be  set  between  each  point. 

During  site  planning,  military  planners  locate  FARPs  based  on  mission,  type  of  aircraft, 
size  of  the  location  and  distance  from  the  resupply  points.  Along  with  these  important  factors 
wind  direction  is  also  a  crucial  factor.  In  order  for  the  aircraft  to  take  off  and  land  easily  the 
aircraft  must  take  off  and  land  facing  the  wind.  Currently,  this  type  of  planning  is  done  based  on 
experience  and  planning  factors.  Planners  do  not  have  a  tool  to  verify  their  decision. 

Simulation  provides  planners  the  ability  to  verify  and  validate  their  decisions  prior  to 
putting  their  plan  into  action.  If  a  FARP  can  be  simulated  then  planners  could  use  the  simulation 
to  compare  alternative  designs  and  determine  which  setup  provides  the  best  support  for  aviation 
operations. 
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Problem  Statement 


FARP  operations  were  developed  to  reduce  the  time  between  turns  for  helicopters  while 
conducting  missions.  The  FARP  has  proven  to  save  time  and  increase  the  time  on  target  for  each 
aircraft  sortie.  This  time  saving  FARP  configuration  has  been  used  by  aviation  units  for  many 
years.  While  in  many  cases  the  FARP  setup  is  determined  based  on  several  factors,  typically  a 
thorough  analysis  is  not  completed  to  determine  the  best  configuration  for  the  FARP.  A  FARP 
may  not  provide  adequate  points  to  meet  mission  turn  around,  or  maybe  a  FARP  has  too  many 
points,  increasing  the  FARP  footprint  and  increasing  its  vulnerability.  Detennining  the  optimal 
FARP  configuration  could  provide  substantial  benefits  to  FARP  operations. 

Research  Question 

The  purpose  of  this  research  is  to  determine  whether  a  Forward  Arming  and  Refueling 
Point  (FARP)  can  be  simulated  in  order  to  support  operational  FARP  planning  by  identifying  key 
factors  which  can  increase  FARP  efficiency  and  effectiveness.  In  trying  to  answer  this  research 
question,  a  standard  FARP  belonging  to  a  heavy  division  will  be  modeled.  Using  a  heavy 
division’s  aviation  assets  as  the  basis  of  this  model  provides  specific  equipment  and  mission 
capabilities  and  requirements.  This  research  seeks  to  demonstrate  how  this  model  performs 
under  different  mission  conditions.  It  will  consider  total  number  of  units  through  the  system  and 
total  time  of  each  unit  in  the  system. 

Investigative  questions 

To  best  answer  this  research  question  the  following  investigative  questions  must  be 
addressed. 

1 .  What  are  the  critical  processes  in  conducting  a  FARP? 
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2.  What  is  the  maximum,  minimum  and  most  likely  time  to  conduct  the  FARP? 

3.  What  are  some  alternative  designs  for  the  FARP  model? 

4.  What  adjustments  or  changes  should  be  made  to  the  FARP  and  when  are  these 
changes  best  applied? 

5.  Which  design  is  best  for  the  given  situation? 

Proposed  Methodology 

This  research  will  be  conducted  in  four  phases.  The  first  phase  will  consist  of 
diagramming  a  model  which  shows  all  the  important  processes  for  conducting  a  FARP.  The 
second  phase  will  consist  of  collecting  data  for  each  process  and  conducting  input  analysis.  The 
third  phase  will  be  constructing  the  model  in  ARENA  and  inputting  the  data.  The  fourth  phase 
will  be  performing  output  analysis,  comparing  alternative  designs,  verification  and  validation  of 
the  model.  The  final  step  will  be  implementing  the  model. 

In  order  to  answer  the  first  investigative  question,  a  literature  review  will  be  conducted  to 
ensure  a  full  understanding  of  all  the  key  processes  of  the  FARP  is  identified  and  its  purpose 
understood.  Once  all  the  key  processes  are  identified  each  step  will  be  mapped  out  and  data  will 
be  gathered.  The  second  investigative  question  will  be  answered  by  talking  to  subject  matter 
experts  and  gathering  data  from  actual  FARP  operations.  This  information  along  with  the  FARP 
mapping  will  be  used  to  develop  a  FARP  simulation  model.  This  simulation  will  be  used  to 
answer  the  third  investigative  question.  Simulation  allows  the  alternative  designs  to  be 
compared  and  then  each  process  will  be  analyzed  identifying  what  changes  and  under  what 
circumstances  should  each  change  be  implemented,  answering  investigative  question  four. 
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Finally,  a  comparison  of  all  the  models  will  be  conducted  identifying  the  best  model  which  can 
be  used  to  simulate  FARP  operations. 


7 


II.  Literature  Review 


Introduction 

This  chapter  is  a  description  of  the  tenns,  concepts,  and  literature  surrounding  this 
research  paper.  First,  it  discusses  the  basic  concept  of  FARP  operations.  This  discussion 
includes  the  history  and  development  of  the  FARP,  the  different  types  of  equipment,  and  the 
different  technique’s  used  in  conducting  a  FARP.  Next,  to  be  outlined  is  a  discussion  on 
different  simulation  techniques,  a  comparison  of  those  techniques  and  why  one  technique  is  more 
suitable  for  this  research  over  another. 

History  of  the  FARP 

Forward  anning  and  refueling  of  aircraft  dates  back  to  WWII  and  the  German  Army 
(Rudel,  Hans-Ulrich,  1986).  The  great  German  pilot  Hans  Rudel  placed  stocks  of  fuel  and 
ammunition  forward  on  the  battlefield  in  order  to  extend  his  wing’s  sphere  of  influence.  These 
forward  stocks  allowed  the  Germans  to  attack  deep  into  enemy  territory  destroying  reinforcing 
elements  and  to  fill  holes  in  the  German  lines  which  were  located  long  distances  from  logistic 
bases  (Rudel,  Hans-Ulrich,  1986). 

In  the  1960’s  the  FARP  began  to  develop  into  its  current  configuration.  As  the  Army 
developed  its  air  cavalry  with  the  transformation  of  the  101st  Airborne  Division  it  relied  heavily 
on  the  forward  refueling  and  rearing  of  its  helicopters.  By  the  end  of  the  Vietnam  War  the  FARP 
had  developed  into  a  forward  location  where  helicopters  first  refueled  and  then  moved  to  another 
point  to  rearm.  The  difference  in  locations  was  due  to  several  reasons.  Refueling  a  helicopter 
took  considerably  less  time  than  arming  one  with  rockets  and  missiles  also  rearming  was 
significantly  more  dangerous.  FARP  operators  often  experienced  the  “cooking  off’  of  a  round 
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which  could  result  in  a  serious  accident  if  combined  with  the  high  volatile  aircraft  fuel  used 
during  this  time  period. 

After  Vietnam,  changes  in  fueling  equipment,  aircraft  and  munitions  resulted  in  a  single 
point  service  concept.  Though  a  FARP  can  still  perfonn  arming  and  refueling  at  separate  points 
most  modern  FARPs  use  this  single  point  service  concept. 

During  Operation  Just  Cause,  FARPs  were  used  to  arm,  fix  weaponry  and  refuel  aircraft. 
Several  different  FARPs  were  used  during  this  operation.  During  the  operation,  FARP  teams 
were  dropped  into  Torrijos-Tocumen  Airfield  these  teams  assemble  a  FARP  to  provide  support 
to  the  160th  Special  Operations  Aviation  Regiment  (SOAR)  (Night  Stalkers,  2001).  Also  during 
this  operation  FARP  teams  used  both  MH-60s  and  a  C-141  (wet-wing)  to  perform  FARP 
operations  (Night  Stalkers,  2001).  Recently,  in  Operation  Iraqi  Freedom  several  FARPs  were 
established  to  facilitate  air  combat  maneuver.  In  many  cases  these  FARPs  were  at  least  six  to 
eight  points  in  size.  These  FARPs  provided  fuel,  armament  and  armament  repair.  On  several 
occasions  these  FARPs  became  casualty  collection  points  as  wounded  were  flown  out  of  battle 
(3 ID  AAR,  2003). 

As  discussed  the  FARP  has  been  a  part  of  air  operations  for  over  50  years.  Though  it  has 
evolved  it  has  remained  the  same  in  concept.  FARPs  provide  fuel  and  armament  forward  to 
allow  flexibility  of  aircraft  on  the  battlefield. 

FARP  Equipment 

A  FARP  is  strictly  an  arming  and  refueling  concept,  therefore  there  many  different  types 
of  equipment  can  be  used  to  establish  a  FARP.  The  different  types  of  FARP  equipment  include 
the  Forward  Area  Refueling  Equipment  (FARE),  Advanced  Aviation  Forward  Area  Refueling 
Equipment  (AAFARE),  HEMTT  Tactical  Aviation  Refueling  Equipment,  M978  fuel  tanker,  and 
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the  M969A2  fuel  tanker.  Each  of  these  pieces  can  be  used  separately  or  in  conjunction  to 
operate  a  FARP  (FM  10-67-1,  1998). 

The  FARE  system  (figure  2-1)  is  one  of  the  older  pieces  of  equipment  still  in  use.  This 
system  consists  of  several  500  gallon  fuel  blivets,  a  100  gallon-per-minute  (GPM)  pump,  a  filter 
separator  and  multiple  hoses  and  fittings.  This  system  can  use  alternate  fuel  sources  such  as  the 
3,000-10,000  gallon  fuel  bags  or  any  of  the  refueling  tankers  such  as  the  M978  or  the  M969A2. 
Each  system  is  capable  of  setting  up  two  points,  therefore  at  least  two  systems  are  needed  to 
setup  the  standard  four  point  FARP  (FM  10-67-1,  1998). 
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Figure  2-1:  Diagram  of  a  Forward  Area  Refueiling  Equipment 
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The  AAFARE  system  (Figure  2-2)  is  a  new  system  which  will  eventually  replace  the 


standard  FARE  system.  This  system  is  similar  to  the  FARE  in  layout  and  equipment  except  it 
provides  a  minimum  of  55  GPM  at  each  point  and  can  be  used  to  set  up  at  least  four  points  (FM 
10-67-1,  1998). 


The  HTAR  system  is  to  be  used  in  conjunction  with  the  M978  tanker.  This  system  is  a 


basic  set  of  hoses,  couplings  and  nozzles.  Each  system  is  capable  of  setting  up  four  points  and 


can  be  used  for  many  different  types  of  aircraft.  The  HTAR  system  uses  the  M978’s  pump  and 
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filter  separator  to  move  and  filter  the  fuel.  The  HTAR  system  is  the  main  refuel  system  used  by 
many  aviation  units  within  the  Anny  (FM  10-67-1,  1998). 

The  M978  fuel  tanker  is  an  important  piece  of  the  HTAR  system  however,  it  can  be  used 
alone  to  perform  FARP  operations  (figure  2-3).  The  M978  fuel  tanker  has  a  350  GPM  pump  and 
filter  separator.  This  tanker  has  a  capacity  of  2500  gallons.  This  tanker  has  two  hose  reels  which 
can  be  used  to  refuel  two  aircraft  simultaneously  (FM  10-67-1,  1998). 
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Figure  2-3:  Diagram  of  a  HEMMT  Tactical  Aviation  Refueiling  Equipment 
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The  M969A2  is  a  5000  gallon  tanker  trailer.  This  trailer  has  a  350  GPM  pump  and  filter 
separator.  This  truck  although  used  mainly  for  bulk  fuel  transfers  are  capable  of  being  used  for 
aviation  refueling  FARPs  (FM  10-67-1,  1998).  The  setup  for  the  M969A2  would  be  similar  to 
the  M978  FARP  in  figure  2-3. 

FARP  Techniques 

A  FARP  is  equipment  independent  and  only  an  arming  and  refueling  concept.  As 
discussed  a  FARP  can  use  many  different  refuel  systems  and  can  be  done  using  many  different 
techniques.  A  FARP  can  be  made  of  only  one  point  or  made  of  many  points.  Each  point  can  be 
lined  up  in  a  neat  row  or  spread  throughout  the  terrain.  The  configuration  and  technique  used  for 
a  FARP  is  based  on  mission,  equipment,  troops,  terrain  and  time  available  (METT-T)  (FM  10- 
67-1,  1998). 


Figure  2-4:  Diagram  of  a  FARP  Layout  in  a  Tactical  Environment 
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The  purpose  of  the  FARP  is  to  provide  fuel  forward  to  provide  quick  turn  around  time  for 
aircraft.  A  FARP  is  located  forward  on  the  battlefield  and  can  be  very  vulnerable  to  enemy 
attack.  With  the  threat  of  attack  always  present  FARP  layouts  need  to  consider  adequate  cover 
and  defend  ability  of  terrain  when  setup.  In  some  cases  FARP  points  may  need  to  be  separated 
or  in  close  proximity  to  cover  and  concealment.  This  must  be  done  in  a  way  as  not  to  hinder  the 
flight  of  incoming  and  outgoing  aircraft  (Figure  2-4  and  Figure  2-5).  The  best  and  easily 
managed  setup  is  a  straight  line  arrangement.  This  array  ensures  aircraft  are  traveling  along  the 
same  heading  entering  and  exiting  the  FARP,  all  points  can  be  easily  accessed  by  all  personnel 


and  the  FARP  OIC  and  NCOIC  have  a  clear  visual  of  all  points. 


Figure  2-5:  Diagram  of  a  FARP  Layout  in  a  Tactical  Environment 
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Along  with  determining  the  best  setup  for  a  FARP  it  is  also  important  to  understand  all 
the  possible  ways  of  deploying  the  FARP.  Normally,  the  FARP  is  setup  using  the  M978  tanker 
because  it  is  easy  to  maneuver  these  resources  on  the  battlefield.  On  some  occasions  the  terrain 
will  not  permit  the  use  of  wheeled  vehicles.  Therefore,  different  fuel  delivery  systems  are  used. 
The  standard  method  is  to  sling  load  500  gallon  blivets  into  territories  not  easily  accessed.  Other 
methods  are  using  actual  aircraft  to  serve  as  fuel  delivery  vehicles.  Two  types  used  are  the  “Wet 
Hawk”  and  the  “Fat  Cow.”  The  Wet  Hawk  uses  a  UH-60  Blackhawk  helicopters  fuel  pods  to 
refuel  aircraft,  while  a  Fat  Cow  uses  a  CH-47  or  CH  53  to  refuel  (figure  2-6)  (FM  10-67-1, 

1998). 
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Simulation 


Simulation  is  an  artificial  replication  of  a  real  world  situation  of  process.  Simulations  can 
be  automated,  acted  out  or  calculated  by  hand  or  on  a  computer  (Carson  Banks,  2005).  A 
simulation  is  developed  to  provide  analysts  a  tool  which  allows  them  to  view  the  potential  real 
life  characteristics  of  a  system. 

There  are  many  different  types  of  simulations  a  few  are  Discrete  Event  simulations, 
Monte  Carlo  simulations  and  Heuristic  Simulations.  Each  type  of  simulation  has  different 
purposes  and  has  advantages  and  disadvantages  (Carson  and  Banks,  2005). 

Discrete-event  simulation  models  a  process  where  the  variables  change  at  discrete  points 
in  time.  These  simulations  are  specifically  numerical  in  that  they  rely  heavily  on  computation 
procedures  to  solve  the  problem.  A  discrete  event  simulation  is  typically  “run”  and  not  “solved.” 
Running  a  model  produces  data  which  should  most  likely  be  similar  to  real  the  real  life  process. 
This  data  may  not  be  the  optimal  solution  or  most  efficient  way  of  perfonning  a  process(Carson 
and  Banks,  2005). 
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ITT.  Methodology 


The  purpose  of  this  chapter  is  to  present  the  process  used  to  develop  the  model  and  to 
provide  the  methodology  proposed  to  answer  the  research  investigative  questions.  This  chapter 
outlines  the  FARP  as  a  system.  Next,  it  addresses  important  assumptions  made  about  the  model 
followed  by  a  discussion  of  the  problem.  This  chapter  also  discusses  simulation  and  why  it  is  a 
relevant  way  to  model  a  FARP.  Finally,  it  presents  the  experimental  design  and  statistical 
methods  used  for  the  research. 

The  FARP  system 

This  model  represents  a  general  FARP  used  in  a  heavy  division;  where  each  mission  and 
situation  changes  the  results  of  units  measured.  Based  on  personal  experience,  literature  and 
subject  matter  expert  interviews,  a  FARP  can  be  broken  down  into  four  basic  procedures:  arrival 
of  the  aircraft,  the  aircraft  holding  area,  refueling  and  reanning  of  the  aircraft,  and  then  release  to 
a  holding  pattern.  Figure  3-1  shows  an  actual  FARP  diagram  used  in  military  planning  and 
operations. 

Arrival  of  Aircraft 

The  FARP  consists  of  several  different  processes.  The  first  step  in  the  process  is  aircraft 
arrival.  Aircraft  can  arrive  individually  or  in  groups.  In  most  cases,  aircraft  arrive  at  a  minimum 
of  two  at  a  time.  As  the  aircraft  are  inbound  the  flight  commander  contacts  the  FARP  OIC  and 
notifies  him  of  inbound  aircraft  and  the  number.  This  notification  allows  the  ground  crews  time 
to  prepare.  The  amount  of  aircraft  arriving  is  dependent  on  the  specific  operation  and  is  variable. 
When  the  aircraft  enter  the  FARP  airspace  they  fly  in  a  holding  pattern  and  enter  the  FARP  from 
a  specific  direction  outlined  by  an  inverted  “Y”  on  the  ground  (figure  3-1). 
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Holding  Area 


After  arrival  to  the  FARP,  aircraft  are  directed  to  a  holding  area  by  the  FARP  OIC 
through  radio  transmission.  Once  a  point  is  empty  the  FARP  OIC  directs  each  aircraft  into  a 
point.  If  all  points  are  empty  all  aircraft  may  proceed  simultaneously  to  the  points  they  have 
been  directed  to  and  skip  the  holding  area.  If  the  FARP  has  no  traffic  upon  arrival  of  the  aircraft, 
the  FARP  crews  will  proceed  to  the  point  after  all  aircraft  have  landed  and  the  pilots  have  turned 
off  their  anti-collision  lights.  Excess  traffic  is  held  in  a  holding  pattern  around  the  airfield. 

Rearming  and  Refueling 

Once  the  aircraft  have  landed  at  the  pad,  refueling  and  rearming  begins.  This  process  is 
the  longest  procedure  during  this  operation  and  varies  based  on  each  aircraft.  On  the  pad,  two 
separate  teams  work  rearming  and  refueling.  During  this  time  the  pad  supervisor  is  in  contact 
with  the  pilots  through  a  headset  which  is  plugged  into  an  external  port  on  the  helicopter.  This 
communication  is  important.  It  is  at  this  time  that  the  aircraft  are  most  vulnerable.  The  aircraft 
remain  running  or  “hot”  and  there  are  many  personnel  around  the  aircraft  which  prevent  it  from 
maneuvering  freely.  A  fuel  spill  or  the  “cook  off’  of  munitions  could  have  deadly  results. 

Release  to  Holding  Pattern 

When  each  point  finishes  refueling  and  reanning,  the  pad  supervisor  signals  that  it  is 
finished.  At  this  time  the  FARP  OIC  radios  the  aircraft  releasing  the  helicopter  from  the  FARP. 
The  aircraft  proceeds  from  the  FARP  and  fly  in  a  holding  pattern  around  the  forward  operating 
base  (FOB)  until  all  helicopters  in  the  flight  are  finished.  Once  finished  the  aircraft  either 
proceed  with  their  mission  or  return  to  base. 
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Figure  3-1  shows  an  actual  FARP  diagram  used  in  military  planning  and  operations 


Assumptions 

This  research  makes  several  important  assumptions.  The  first  assumption  is  that  this 
model  seeks  to  represent  one  type  of  FARP  setup.  A  FARP  is  a  concept  and  is  equipment 
independent.  Therefore,  a  FARP  can  be  set  up  using  many  different  configurations  and  different 
types  of  equipment.  This  model  attempts  to  replicate  a  FARP  as  outlined  in  the  1-3  Attack 
Battalion,  Third  Infantry  Division  (3ID)  standard  operating  procedure  (SOP).  3ID’s 
configuration  consists  of  a  M978  FIEMTT  fueler  and  a  HTARS  system  consisting  of  eight 
points.  This  is  the  3ID  Aviation  Brigade  standard  and  is  similar  to  those  used  by  many  Army 
aviation  units. 

The  second  assumption  is  that  this  model  has  one  type  of  aircraft  using  the  FARP,  the 
AH-64.  In  reality,  a  heavy  division  has  many  different  aircraft  to  include  the  UH-60  Blackhawk, 
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OH-58D  Kiowa  Warrior,  and  the  UH-47.  The  AH-64  is  used  for  this  model  because  this  model 
attempts  to  replicate  both  refueling  and  rearming  procedures  in  an  offensive  combat  manuever. 
The  AH-64  requires  both  refueling  and  rearming  during  combat  operations,  where  an  UH-60 
needs  limited  rearming. 

Another  important  assumption  which  greatly  affects  the  FARPs  output  is  its  supply 
capacity.  This  model  assumes  that  every  point  has  an  unlimited  supply  of  both  fuel  and 
ammunition.  In  reality  time  would  be  needed  to  maneuver  ammunition  into  place  at  each  point. 

It  is  important  to  understand  that  during  high  operations  tempo  that  a  FARP  may  run  low  or  out 
of  either  fuel,  ammunition  or  both. 

Finally,  this  model  assumes  a  similar  armament  configuration  and  fuel  load  for  all  aircraft 
involved.  In  many  cases  each  aircraft  may  have  a  specific  fuel  and  armament  configuration 
based  on  mission  requirement.  In  addition,  it  is  assumed  that  all  aircraft  begin  with  a  full 
armament  and  fuel  load. 

Development  of  the  Problem 

The  purpose  of  this  research  is  to  develop  a  general  model  which  can  be  used  in  the 
FARP  planning  process.  Currently,  planning  for  a  FARP  is  done  using  a  logistics  estimate 
which  attempts  to  determine  fuel  and  ammunition  consumption  also  a  simple  FARP  layout 
similar  to  the  one  in  figure  3-1  is  used  to  show  the  layout  and  flow.  If  a  model  can  be  developed 
which  can  replicate  FARP  operations,  military  planners  would  be  able  to  realistically  forecast 
throughput  and  seek  the  optimal  configuration  for  unique  situations. 

Simulation 

This  model  is  developed  using  discrete  event  simulation.  By  using  discrete  event 
simulation  it  is  possible  to  assess  the  model  as  time  progresses.  Each  event  and  parameter  in  the 
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simulation  is  represented  using  a  probability  distribution.  The  model  uses  the  distributions  to 
determine  the  arrival  rates  and  processing  times  of  each  step  in  the  system  (Carson  and  Banks, 
2005).  A  FARP  is  like  many  other  queuing  situations  in  that  it  includes  arrival  times  for  aircraft, 
processing  of  the  aircraft  through  different  stages  and  then  a  departure  from  the  system.  The 
time  it  takes  for  the  aircraft  to  make  it  through  the  system  is  a  combination  of  each  process  time, 
randomly  determined  using  a  probability  distribution.  Computer  simulation  allows  the  FARP  to 
be  broken  down  into  simple  processes.  Each  process  can  be  easily  analyzed  to  determine  the 
affects  a  process  may  have  on  the  entire  system  and  the  resulting  output  measures.  This  ease  of 
analysis  and  its  ability  to  handle  the  variance  in  the  processes  is  what  makes  using  simulation  the 
best  method  for  modeling  the  FARP. 

The  simulation  software  package  used  to  build  models  used  in  this  study  was  the  ARENA 
simulation  software  package  from  Rockwell.  This  package  was  used  because  of  the  researchers 
familiarity  with  the  package  and  its  ease  of  use.  Figure  3-2  shows  an  example  of  the  FARP 
model  built  using  the  ARENA  simulation  software. 


Figure  3-2:  A  Screenshot  of  the  FARP  Model  Using  the  ARENA  Software  Package  From  Rockwell 
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Data  Collection  and  Input  Distribution 

The  data  used  in  the  FARP  models  was  collected  from  subject  matter  experts.  Each 
expert  was  asked  to  provide  refuel  and  rearming  information.  The  data  provided  a  minimum, 
maximum  and  most  likely  (mode)  time  for  each  type  of  aircraft. 

Based  on  this  data  a  triangular  probability  distribution  function  (PDF)  was  used.  A 
triangular  probability  distribution  function  uses  a  minimum,  maximum  and  the  mode  to  produce 
a  distribution  function.  Figure  3-3  is  an  example  of  a  triangular  probability  distribution  function. 


f(x) 

Minimum  Mode  Maximum 

x 

Figure  3-3:  Triangular  Probability  Distribution  Function 

The  data  provide  both  refueling  and  rearming  times  for  aircraft.  At  most  FARPS, 
refueling  and  rearming  occur  simultaneously.  In  most  cases  it  takes  considerably  longer  to  rearm 
an  aircraft  than  it  takes  to  refuel  one.  However,  if  the  aircraft  has  been  flying  for  a  long  duration 
searching  for  targets  and  has  not  fired  any  rounds,  the  aircraft  would  just  need  refueling.  Based 
on  the  these  possible  situations,  the  combined  input  for  the  triangular  PDF  are  7  minutes  for  the 
minimum,  50  minutes  for  the  maximum  and  30  minutes  for  the  most  likely  to  both  refuel  and 
reann.  Seven  minutes  for  the  minimum  time  is  based  on  a  helicopter  which  has  not  fired  any 
rounds  but  needs  to  refuel,  while  50  minutes  for  the  maximum,  is  the  time  it  takes  to  completely 
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rearm  an  AH-64.  The  most  likely  scenario  is  a  time  of  30  minutes.  This  time  is  based  on  an 
aircraft  needing  about  half  of  its  combat  load. 

Experimental  Design 

This  section  discusses  the  development  and  evolution  of  the  models.  The  first  model  is  a 
basic  model  using  the  minimum  amount  of  processes  in  order  to  capture  the  information  needed. 
The  second  and  third  models  add  more  processes  and  decisions.  As  each  additional  process  is 
added,  tests  were  conducted  to  determine  if  the  added  processes  produce  significantly  different 
results.  If  there  is  a  significant  difference,  then  the  model  which  most  closely  resembles  the  “real 
life”  process  is  used.  If  there  is  not  a  significant  difference  then  the  simplest  model  is  used.  The 
ultimate  goal  is  to  find  the  simplest  model  which  most  resembles  the  actual  system  being 
simulated. 

1st  Model 

The  first  model  contains  three  basic  processes  (figure  3-4).  These  processes  are  the 
arrival  of  the  aircraft,  refueling  and  reanning  the  aircraft  at  the  FARP  points  and  exiting  the 
FARP.  If  the  FARP  points  are  full,  the  model  uses  an  internal  queue  to  hold  the  aircraft  until  a 
point  becomes  open.  The  “FARP  points”  process  replicates  an  eight  point  FARP.  This  process 
has  eight  resources  named  FARP  crews  to  simulate  the  eight  points.  The  FARP  crews  work  on 
the  refueling  and  arming  of  each  aircraft  according  to  the  triangular  distribution  discussed  in  the 
data  collection  section. 


Figure  3-4:  The  Basic  FARP  Model 
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2nd  Model 

The  second  model  (figure  3-5)  is  similar  to  the  first  model.  However,  the  model  replicates 
the  actual  FARP  system  by  utilizing  a  holding  area  and  allowing  aircraft  to  remain  in  a  holding 
pattern  before  entering  the  FARP.  Adding  these  decision  variables  adds  more  realism  to  the 
model. 


Figure  3-5:  The  Basic  FARP  Model 


3rd  Model 

The  third  model  (figure  3-6)  batches  the  aircraft  together  in  a  flight  of  four  as  they  are 
created.  The  aircraft  are  created  four  at  a  time  and  then  batched  based  on  their  arrival  time. 

After  being  batched  together,  the  aircraft  move  into  a  holding  pattern  or  the  holding  area  based 
on  the  availability  of  the  FARP.  Once  in  the  holding  area  the  aircraft  are  separated  as  they  move 
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into  the  FARP.  After  the  aircraft  exit  the  FARP  they  are  batched  back  together  based  on  their 
original  arrival  time  and  then  released. 


Figure  3-6:  Third  FARP  Model 


Performance  Measures 

To  evaluate  each  model,  perfonnance  measures  are  used.  The  performance  measures 
used  to  evaluate  these  models  are  Average  Time  In  the  System  (the  time  is  an  average  each 
aircraft  spends  in  the  FARP  system)  and  The  Total  Number  Through  a  System  (the  number 
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based  on  the  average  number  of  aircraft  through  the  system  in  a  24  hour  period).  The  average 
time  in  the  system  is  an  important  performance  measure  because  it  helps  planners  see  how  long 
they  can  expect  each  aircraft  on  average  to  stay  in  the  FARP.  In  most  cases,  the  lower  the 
average  wait  times  the  better.  The  total  number  through  the  system  is  an  important  measure. 
This  measure  allows  planners  to  accurately  gauge  their  support  capability  by  understanding  how 
many  aircraft  can  be  processed  through  the  FARP  during  a  given  period. 

Output  Analysis 

A  tactical  FARP  may  be  used  for  several  days  or  only  several  hours  depending  on  the 
mission.  In  either  case  a  FARP  can  be  considered  a  tenninating  system.  Therefore,  a  FARP 
simulation  is  a  terminating  simulation.  “A  terminating  simulation  is  one  that  runs  for  some 
duration  of  time  TE,  where  E  is  a  specified  event  that  stops  the  simulation  (Carson  and  Banks, 
2005).”  On  the  other  end  of  the  spectrum  is  a  non-terminating  simulation.  The  non-tenninating 
simulation  does  not  have  a  specific  terminating  event  but  is  continuous.  In  a  non-terminating 
simulation  an  analyst  is  interested  in  observing  what  occurs  during  a  steady  state  condition.  The 
steady  state  condition  is  the  long-term  behavior  of  the  system  (Carson  and  Banks,  2005).  As 
discussed,  a  FARP  has  a  specific  end  point  and  this  study  uses  a  terminating  simulation. 

In  a  tenninating  simulation,  the  goal  is  to  estimate  the  perfonnance  parameters.  As 
discussed,  the  two  perfonnance  parameters  of  importance  are  total  number  through  the  system 
and  the  total  time  in  the  system.  The  models  use  independent  replications  and  the  simulation  is 
repeated,  R,  times.  Each  run  utilizes  a  different  random  number  stream  (Carson  and  Banks, 
2005).  To  estimate  the  point  parameters,  the  following  equation  is  used: 

0  =  E  (1/n  X  ¥0  (1) 

i=l 
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Using  the  point  parameters,  it  is  important  to  compute  the  average  total  number  through 
the  system  and  average  time  in  the  system  across  all  the  replications.  Using  the  point  estimates 
based  on  each  replication,  it  is  possible  to  compute  the  averages  using  the  following  equation 
(Carson  and  Banks,  2005): 

Y...  =  l/Rf;Yi  (2) 

i=l 

The  sample  variance  of  the  average  number  through  the  system  is  calculated  using  (Carson  and 
Banks,  2005): 

S2  =  1/R-l  £(  Yi-Y^.)2  (3) 

i=l 

From  the  variance  the  standard  deviation  is  calculated  by  taking  the  square  root  of  the  variance: 

R 

V  S2  =  V(l/R-1 1  (  Yi  -  Y..)2)  (4) 

i=l 

To  calculate  the  confidence  interval  of  the  half  width  the  following  equation  is  used  (Carson  and 
Banks,  2005): 

H  =  td/2,  r-i  S/Vr  (5) 

The  parameter  estimates  provide  useful  insight  into  the  ability  of  each  model,  but  it  is 
important  to  compare  each  model  to  determine  for  statistical  differences  between  the  models.  If 
there  are  not  statistical  differences  then  each  model  may  be  used  with  similar  results.  In  most 
cases  if  there  is  no  statistical  difference,  it  is  best  to  choose  the  simplest  model  design.  To 
compare  models  the  Bonferroni  Common  Random  Number  (CRN)  method  for  comparing 
multiple  comparisons  is  used  (Carson  and  Banks,  2005). 

Summary 

This  chapter  discussed  the  FARP  system  and  processes.  It  also  outlined  the  methods 
used  to  answer  the  research  investigative  questions.  The  chapter  first  discussed  the  different 
processes  of  the  FARP.  Next,  it  presented  the  assumptions  made  in  developing  the  model.  The 
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chapter  went  on  to  outline  the  research  problem  and  the  performance  measures  used  to  evaluate 
the  model.  The  final  part  of  the  chapter  discussed  the  experimental  design,  the  model  and  how 
the  output  is  analyzed. 
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IV.  Results  and  Analysis 

Overview 

The  goal  of  this  research  was  to  develop  a  simulation  model  of  a  Forward  Arming  and 
Refueling  Point  (FARP)  and  evaluate  a  FARP  under  different  configurations  and  mission 
parameters.  Up  to  this  point,  the  research  has  discussed  the  characteristics,  different  processes, 
and  specific  missions  of  a  FARP.  This  discussion  has  helped  explain  the  important  aspects  and 
building  blocks  for  constructing  the  FARP  model.  This  research  has  also  introduced  discrete 
event  simulation  and  presented  a  methodology  of  how  it  can  be  used  to  evaluate  a  system  under 
different  conditions.  Chapter  three  demonstrated  how  the  FARP  model  was  developed  and 
introduced  the  proposed  methods  of  statistical  analysis.  This  chapter  discusses  the  outcomes  of 
the  research  and  presents  the  aspects  of  the  experimental  design  which  capture  the  efforts  of  this 
study. 

Model  Comparison 

As  discussed  in  chapter  three,  this  study  utilized  three  models.  Each  model  grew  in 
complexity.  After  each  model  was  built  a  model  comparison  was  conducted  to  test  for  statistical 
differences.  The  method  as  stated  in  chapter  three  was  the  Bonferroni  Common  Random 
Number  (CRN)  technique  (Carson  and  Banks,  2005).  Each  model  was  run  30  times  and  then  the 
performance  parameter,  total  number  through  the  system,  was  compared.  Figure  4-1  shows  the 
results  of  the  Bonferroni  CRN  test.  Based  on  the  95%  confidence  interval  there  is  not  a  strong 
conclusion  that  the  models  showed  a  significant  difference  because  the  confidence  interval 
contained  zero.  Also  with  the  interval  being  very  short  it  suggests  that  the  true  difference 
between  the  models  is  close  to  zero  (Carson  and  Banks,  2005). 
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Replications 

Total  Number  Through  the 
System 

Observed  Statistical 
Difference  With 
System  Design  1 
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1 

59 

59.25 

58 
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28 

58.25 

58.5 

59 

-0.25 

-0.75 

29 

56.75 

56.5 

57 

0.25 

-0.25 

30 

56.75 

56.75 

56 

0 

0.75 

Sample  Mean,  Di 

0.025 

0.0833333 
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Sample  Variance  S  DiA2 

0.3161638 

4.6566092 

Standard  Error,  S  Di  /  SQRT  R 

0.0187428 

0.0719306 

95%  C.l.  t  .05/2,  R-1 

2.045 

Di  -  (t  .05/2,  R-1)s.e.  (Di’ 

<  Ol-Oi  <  Di  +  (t 

.05/2,  R-1  )s.e.  (Di) 

-0.02613 
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<  G1-03  < 

0.25375 

Figure  4-1:  Comparison  of  the  FARP  System’s  Output  Data  Using  the  CRN 
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Model  Results 


With  very  little  significant  difference  between  the  models  the  third  model  was  selected  to 
test  the  differences  in  the  input  variables.  Although  it  wasn’t  the  simplest,  it  has  characteristics 
which  the  researcher  wanted  to  analyze.  Three  input  variables  were  changed  and  tested  using  the 
third  model  in  order  to  analyze  any  significant  differences  in  the  output  measures.  Those 
variables  were  the  number  of  FARP  points,  the  number  of  enemy  engagements,  and  finally  the 
number  of  aircraft. 

Number  of  FARP  Points 

The  first  input  analyzed  was  the  number  of  FARP  points.  This  run  might  determine  the 
optimum  number  of  points  the  FARP  should  use  based  on  the  given  conditions  of  36  aircraft  and 
four  enemy  engagements.  The  parameters  for  this  run  were  30  replications,  a  24-hour  warm-up 
time  and  a  24-hour  simulation  time.  The  24-hour  wann-up  time  allowed  for  all  36  aircraft  to 
enter  the  system  in  nine  flights  of  four. 

As  with  the  previous  run  of  the  simulation,  there  were  30  replications.  This  number  of 
replications  was  sufficient  to  ensure  a  95%  confidence  interval  with  a  precision  of  +  1  flight. 

Here  is  an  example  of  how  precision  is  calculated  using  the  eight  points,  four  enemy  and  36 
aircraft. 

R>  (t  S/e)  2  =  (2.04x2.12/1) 2  =  18.75  (6) 

0.05,  R-l  0 

As  seen  above,  only  18.75  replications  are  needed  to  meet  this  level  of  precision,  but  for  this  run 
and  all  other  runs  30  replications  were  used. 

Run  1-1 

The  parameter  tested  was  the  total  number  of  flights  through  the  system.  Interestingly, 
from  one  to  four  points  the  throughput  increases  rather  steadily,  but  after  the  fourth  point  the 


31 


throughput  rate  decreases.  The  maximum  number  of  points  which  increases  the  amount  of 
throughput  is  seven  points  (figure  4-2). 


Runs 

Total  Number  Through  the  System  (4  Enemy/36  Aircraft) 

1 

2 

3 

4 

5 

6 

o 

CO 

II 

O' 

Y8 

Y1 

Y2 

Y4 

Y7 

Y9 

Mean 

57.66667 

12.33333 

24.83333 

50 

57.8 

57.66667 

Standard 

Dev 

2.122675 

0.711159 

0.833908 

1.485563 

2.265179 

2.122675 

As  shown  there  are  no  benefits  to  having  additional  points  beyond  the  seven  points. 
Based  on  these  results  it  is  important  to  compare  the  impact  of  the  other  input  variables  on 
throughput  given  different  numbers  of  FARP  points.  These  comparisons  will  help  determine  the 
optimum  number  of  points  based  on  different  mission  parameters. 
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Run  1-2 


First,  a  test  was  conducted  comparing  the  number  of  FARP  points  and  the  number  of 
aircraft  (figure  4-3).  The  number  of  enemy  targets  remained  constant  at  eight.  Similar  to  run  1- 
1 ,  as  the  number  of  aircraft  increased,  four  per  flight,  so  did  the  throughput.  Each  flight  did 
experience  a  point  where  throughput  leveled  off.  In  this  run,  at  nine  or  more  flights  the 
throughput  leveled  out  at  the  eight  point  mark.  This  leveling  of  the  throughput  shows  that  there 
are  other  constraining  factors  other  than  the  number  of  FARP  points.  Most  likely  service  time. 


Effect  on  Throughput  Based  on  Number  of  Flights  and  Points 


-1  Flight 

-3  Flights 

— A— 

6  Flights 

9  Flights 

-12  Flights 

- 16  Flights 

Number  of  Points 


Figure  4-3:  Graph  Showing  the  Throughput  of  the  FARP  Based  on  the  Number  of  Flights  and  Points 


The  results  of  this  run  imply  that  the  optimum  number  of  points  for  this  FARP  is  eight 
points  because  it  provides  the  maximum  output  regardless  of  the  number  of  flights.  If  for  a  given 
mission  there  are  fewer  flights,  it  is  easy  to  determine  the  capacity  based  on  the  number  of  points 
from  the  above  chart.  For  example,  if  a  FARP  can  only  be  configured  with  four  points  then  it  is 
easy  to  see  the  maximum  throughput  is  about  50  flights  in  a  24-hour  period. 
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Run  1-3 


Next,  a  run  was  conducted  comparing  the  effect  of  changing  the  number  of  enemy 
engagements  with  FARP  points(figure  4-4).  This  run  changed  both  the  number  of  enemy 
engagements  and  the  number  of  points.  The  number  of  aircraft  remained  static  at  4  flights  or  36 
aircraft. 

The  results  of  the  simulation  run  were  similar  to  that  of  run  1-2.  As  the  number  of  enemy 
engagements  increased  so  did  the  throughput,  but  only  to  a  certain  point  before  leveling  off. 
There  was  a  noted  difference  between  the  four  enemy  and  six  or  higher  enemy  engagements. 
Throughput  increased  significantly  with  six  or  more  enemy  engagement  area.  Like  run  1-2  the 
optimal  number  of  points  was  also  eight.  Any  increase  in  the  number  of  FARP  points  beyond 
eight  did  not  yield  more  throughput. 


Effect  on  Throughput  Based  on  Number  of  Enemy  and  Points 
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Figure  4-4:  Graph  Showing  the  Throughput  of  the  FARP  Based  on  the  Number  of  Enemy  Engagement  Areas  and  Points 
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Number  of  Enemy  Engagements 

The  next  input  variable  tested  was  the  number  of  enemy  engagements.  This  analysis 
would  help  observe  the  effect  of  increasing  the  number  of  enemy  target  areas.  By  increasing  or 
decreasing  the  number  of  areas,  affects  the  aircraft  turn  around  time.  More  enemy  engagements 
typically  increased  the  frequency  of  aircraft  coming  to  the  FARP. 

Run  2-1 

The  input  variables  for  this  run  were  eight  FARP  points  and  36  aircraft.  The  parameters 
of  this  run  were  30  replications,  a  24-hour  warm-up  time  and  a  24-hour  simulation  time.  The  24- 
hour  warm-up  time  allowed  for  all  36  aircraft  to  enter  the  system  in  nine  flights  of  four.  The  total 
number  through  the  system  was  the  performance  parameter  evaluated. 


Runs 

Total  Number  Through  the  System  (8  FARP  Crews) 
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5 

6 

R  =  30 
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X2 
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XI 0 

Mean 
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14.7 

29 
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85.3 
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Figure  4-5  Table  and  Graph  Showing  the  Throughput  of  the  FARP  Based  on  the  Number  of  Enemy  Engagements 
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Run  2-1  produced  similar  results  to  the  FARP  points  simulation  runs  as  there  was  an 
increase  in  the  number  of  enemy  engagement  areas  results  in  a  sharp  increase  in  throughput  with 
a  plateau  of  the  throughput  after  eight  engagement  areas  (figure  4-5). 

Figure  4-5  illustrates  that  beyond  eight  enemy  engagement  areas  throughput  remains  the 
same.  This  is  based  on  a  standard  eight  point  FARP  and  36  aircraft.  In  order  to  fully  understand 
the  relationships  between  each  variable,  additional  runs  were  conducted  and  analyzed. 

Run  2-2 

The  second  run  in  this  set  compared  the  effect  of  changing  both  the  number  of  FARP 
points  and  the  number  of  enemy  engagement  areas  (figure  4-6).  The  number  of  aircraft  remained 
the  same  at  36  aircraft. 


Effect  on  Throughput  Based  on  Number  of  FARP  Points  and  Enemy 
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Figure  4-6:  Graph  Showing  the  Throughput  of  the  FARP  Based  on  the  Number  of  Enemy  Engagements  and  Points 


Once  again,  like  previous  runs,  the  results  showed  a  dramatic  increase  in  throughput  and 
then  it  leveled  off.  In  this  run,  throughput  remained  level  regardless  of  enemy  engagements  for 
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the  one  point  FARP.  This  indicates  that  the  number  of  FARP  points  is  more  constraining  to 
throughput  than  number  of  enemy  engagements.  With  the  higher  points,  six  and  higher,  the 
throughput  leveled  out  at  six  enemy  engagement  areas. 

Run  2-3 

The  third  set  of  simulation  runs  analyzed  changes  in  the  number  of  enemy  engagements 
to  number  of  flights  (figure  4-7).  The  number  of  FARP  points  remains  the  same  throughout 
each  run  with  eight  FARP  points. 


Effect  on  Throughput  Based  on  Number  of  Aircraft  and  Enemy 
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Figure  4-7:  Graph  Showing  the  Throughput  of  the  FARP  Based  on  the  Number  of  Enemy  Engagements  and  Aircraft 


Similar  to  run  2-2  the  throughput  with  one  enemy  and  one  flight  remained  constant.  This 
level  of  output  indicates  that  the  constraining  variable  is  more  likely  the  number  of  aircraft  than 
the  number  of  enemy  engagements.  Also  similar  to  run  2-2,  the  throughput  levels  off  at  six 
enemy  engagements  for  all  different  flight  quantities.  Additionally,  there  is  not  a  minimum 
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increase  in  throughput  beyond  the  nine  flights  and  six  enemy  engagements.  It  appears  that 
twelve  flights  and  eight  enemy  engagements  maximize  the  throughput  of  the  FARP. 

Number  of  Aircraft 

The  next  input  variable  tested  was  the  number  of  aircraft.  This  analysis  would  help 
distinguish  the  effect  of  increasing  the  number  of  aircraft.  By  increasing  or  decreasing  the 
number  of  aircraft,  the  throughput  should  be  directly  affected. 

The  input  variables  for  this  run  were  eight  FARP  points  and  four  enemies.  The 
parameters  for  this  run  were  30  replications,  a  24-hour  wann-up  time  and  a  24-hour  simulation 
time.  The  24-hour  warm-up  time  allowed  for  all  aircraft  to  enter  the  system.  The  aircraft  as 
stated  before  fly  in  groups  of  four  for  this  study.  Therefore,  all  runs  increased  by  a  multiple  of 
four. 

Run  3-1 

The  total  number  through  the  system  was  the  performance  parameter  evaluated.  Similar 
to  the  number  of  FARP  points,  an  increase  in  the  number  of  aircraft  results  in  a  sharp  increase  in 
throughput  with  a  plateau  of  the  throughput  after  24  aircraft  (figure  4-4).  The  leveling  of 
throughput  at  24  aircraft  indicates  that  this  is  the  maximum  throughput  the  FARP  can  achieve  in 
a  24-hour  period  based  on  eight  FARP  points  and  four  enemy  engagements. 


Runs 

Total  Number  Through  the  System  (8  FARP  Crews/4  Enemy) 

1 

2 

3 

4 

5 

6 

R  =  30 

Z36 
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Z12 

Z24 

Z48 

Z64 

Mean 

57.66667 

10.4 

31 

55.26667 

57.66667 

57.36667 

Standard 

Dev 

2.122675 

0.813676 

1.050451 

1.981524 

2.202402 

2.498045 

Figure  4-8:  Table  and  Graph  Showing  the  Throughput  of  the  FARP  Based  on  the  Number  of  Aircraft 
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Run  3-2 

The  second  run  in  this  set  compared  the  effect  of  changing  both  the  number  of  aircraft 
and  the  number  of  FARP  points  (figure  4-9).  The  number  of  enemy  engagements  remains  the 
same  at  eight. 

In  this  run  the  model  maximized  throughput  at  eight  points  and  48  aircraft  or  12  flights. 
However,  there  was  no  significant  increase  in  throughput  beyond  36  aircraft.  This  graph 
provides  insight  into  how  many  points  are  needed  to  optimize  throughput  for  a  certain  amount  of 
aircraft. 


39 


Effect  on  Throughput  Based  on  Number  of  Aircraft  and  FARP  Points 
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Figure  4-9:  Graph  Showing  the  Throughput  of  the  Aircraft  and  FARP  Points 


For  example,  if  a  mission  requires  24  aircraft  this  graph  would  help  to  determine  that  six 
points  would  provide  the  most  throughput.  Any  more  points  would  not  increase  throughput 
while  only  four  points  would  reduce  throughput  by  10  flights  in  a  24-hour  period. 

Run  3-3 

The  third  set  of  simulation  runs  compared  the  number  of  aircraft  and  number  of  enemy 
engagements  (figure  4-10).  The  number  of  FARP  points  remains  the  same  throughout  each  run 
with  eight  FARP  points. 

This  graph  illustrates  the  throughput  of  aircraft  through  the  FARP  at  different  levels  of 
aircraft  based  on  the  number  of  enemy  engagement  areas.  Based  on  figure  4-10  it  is  clearly 
evident  that  the  maximum  throughput  is  achieved  at  eight  enemy  engagements  and  48  aircraft. 
Any  additional  aircraft  or  enemy  engagements  have  very  little  impact  on  throughput. 
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Effect  on  Throughput  Based  on  Number  of  Aircraft  and  Enemy 
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Figure  4-10:  Graph  Showing  the  Throughput  of  the  Aircraft  and  Enemy  Engagements 


Overall  Findings  and  Summary 

This  experiment  met  its  goal  of  evaluating  the  performance  of  a  FARP  using  discrete 
event  simulation.  Investigative  Questions  one  through  three  were  successfully  answered  in 
chapter  two  and  three.  The  results  of  the  simulation  runs  helped  answer  the  fourth  and  fifth 
investigative  research  questions  proposed  in  chapter  one.  Next,  an  overview  of  the  results  with 
conclusions  and  recommendations  further  research  is  presented 
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V.  Conclusions  and  Recommendations 


Overview  of  Research 

This  study  modeled  an  aviation  refueling  technique  called  a  Forward  Arming  and 
Refueling  Point  (FARP).  Using  interviews,  technical  data  and  personal  experience  several 
simulation  models  of  the  FARP  were  built  and  used  to  calculate  a  theoretical  maximum 
throughput  of  a  FARP  under  different  mission  parameters.  Each  model  built  was  of  different 
complexity.  All  the  models  were  tested  statistically  using  the  Bonferroni  Common  Random 
Number  technique.  Due  to  no  statistical  difference  in  the  models,  the  model  which  used  the 
processes  similar  to  an  actual  FARP  was  selected.  This  model  was  then  used  to  evaluate 
different  mission  parameters;  numbers  of  points,  aircraft  and  enemy  engagement  areas.  For  each 
run  the  performance  parameter  analyzed  was  the  total  number  of  aircraft  through  the  FARP 
system  or  throughput. 

Results  of  the  Research 

The  research  showed  that  the  throughput  of  the  FARP  is  dependent  on  several  different 
variables.  In  most  cases,  the  throughput  of  the  FARP  increased  with  increases  in  points,  aircraft 
and  enemy.  However,  the  research  showed  that  the  FARP  as  a  system  becomes  constrained 
eventually  by  service  time  and  the  FARP  reaches  a  maximum  throughput  in  a  24-hour  period. 
Understanding  this  maximum  capacity  can  help  a  planner  determine  how  many  FARPs  would  be 
needed  for  different  mission  sets. 

This  research  also  provided  planning  charts  which  could  be  used  for  actual  mission 
planning  and  it  provided  a  model  in  which  the  planning  factors  could  be  changed  to  produce  new 
charts  which  could  be  used  for  mission  planning. 
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I.Q.  1.  What  are  the  critical  processes  in  conducting  a  FARP? 

As  discussed  in  the  chapter  two,  the  literature  review,  the  critical  processes  of  the  FARP 
are  the  arrival  of  the  aircraft,  the  movement  of  the  aircraft  into  a  holding  area,  the  refueling  and 
reanning  of  the  aircraft,  and  the  aircraft  exiting  the  FARP  into  a  holding  pattern.  These 
processes  were  used  to  build  the  model  used  for  this  research. 

I.Q.  2.  What  is  the  maximum,  minimum  and  most  likely  time  to  conduct  the  FARP? 

Using  data  provided  from  subject  matter  experts,  technical  papers,  and  personal 
experience  the  service  times  of  the  aircraft  through  the  FARP  were  determined.  Since  this 
research  used  a  triangular  probability  distribution  to  analyze  the  data  maximum  time  was 
determine  to  be  50  minutes,  the  minimum  time  was  seven  minutes  and  the  most  likely  time  was 
30  minutes. 

I.Q.  3.  What  are  some  alternative  designs  for  the  FARP  model? 

Some  alternate  designs  of  the  FARP  model  were  presented  in  chapter  three, 
methodology.  The  first  model  used  three  basic  processes,  arrival,  service  and  exit.  The  next  two 
models  added  additional  processes  and  decisions  in  order  to  best  replicate  “real  life.” 

I.Q.  4.  What  adjustments  or  changes  should  be  made  to  the  FARP  and  when  are  these 
changes  best  applied? 

Using  the  results  of  each  run  it  is  easy  to  determine  what  changes  should  be  made  based 
on  each  situation.  Let’s  propose  several  scenarios.  In  the  first  scenario,  a  military  planner  is 
expecting  to  attack  six  different  enemy  targets  during  a  24-hour  shaping  engagement.  The 
offensive  will  use  two  attack  aviation  battalions.  Each  battalion  has  24  AH-64  Apache 
helicopters.  Based  on  this  scenario  how  many  points  are  necessary  for  a  FARP  to  maximize 
throughput  and  what  can  be  the  expected  throughput?  Using  the  data  and  charts  created  using 
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the  simulation  data  a  planner  can  determine  that  eight  points  maximizes  throughput  at 
approximately  86  flights  over  a  twenty  four  period  (figures  4-9  and  4-10).  In  another  situation, 
the  results  of  the  simulation  can  help  determine  capability  and  shortfalls.  Using  the  charts,  a 
planner  could  determine  the  capacity  for  a  mission  given  only  enough  equipment  for  four  points 
(figures  4-3  and  4-4). 

I.Q.  5.  Which  design  is  best  for  the  given  situation? 

Using  the  scenario  this  study  is  built  around,  Heavy  Division,  Aviation  Brigade,  the  best 
design  is  using  an  eight  point  FARP  per  attack  aviation  battalion.  This,  in  most  instances,  is 
currently  the  configuration  for  most  FARPs  during  intense  aviation  operations. 

Limitations  of  this  Research 

The  results  of  this  research  are  based  on  a  single  type  of  FARP  technique.  The  data  used 
for  this  research  was  based  on  subject  matter  expert  interviews,  technical  data,  and  personal 
experience.  Actual  data  sampling  could  provide  more  accurate  input  distributions  which  could 
help  provide  more  fidelity  to  the  model. 

In  addition,  a  key  assumption  used  to  build  the  model  was  the  FARP  was  similar  to  one 
used  by  a  heavy  division,  aviation  brigade.  It  also  assumed  a  single  type  of  aircraft  with  a  single 
weapon  configuration.  In  most  aviation  missions  there  will  be  a  variety  of  aircraft  which  may 
use  a  FARP  and  each  aircraft  may  have  a  different  munitions  configuration.  It  is  important  to 
understand  these  assumptions  before  using  the  planning  charts  created. 

Finally,  this  model  used  a  triangular  distribution  which  was  sufficient  to  capture  the 
variability  in  the  aircraft  service  times  however  using  this  distribution  may  not  capture  the  actual 
behavior  of  the  system. 
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Future  Research 


The  model  built  for  this  research  used  a  simple  triangular  data  distribution.  Future 
research  could  be  conducted  by  gathering  real  data  based  on  different  FARP  configurations. 
Each  configurations  data  could  by  analyzed  and  more  accurate  input  distributions  could  be  used 
in  the  model  processes.  In  addition,  data  could  be  collect  using  each  type  of  aircraft  or  a 
combination  of  aircraft  using  a  FARP.  For  each  aircraft  a  model  could  be  built  based  solely  on 
refuel  operations.  The  validity  of  this  model  could  also  be  further  tested  by  comparing  this 
model’s  results  to  actual  FARP  operations. 

An  important  area  of  research  that  could  be  researched  further  is  using  model  simulation 
to  perfonn  logistics  estimates.  Fuel  and  munitions  consumption  rates  could  be  used  in 
conjunction  with  this  model  to  create  logistic  estimates.  A  researcher  could  factor  in  support 
equipment  capacity  levels  and  travel  distances  and  times  to  re-supply.  Using  the  results  of 
simulation  a  research  could  perform  a  comparison  of  different  techniques  for  building  logistic 
estimates  and  then  follow  an  operation  to  completion  and  validate  the  data. 

This  model  represents  a  starting  point  for  a  tool  which  can  be  used  for  FARP  planning. 

In  order  for  this  tool  to  be  implemented  and  used  by  the  Army  further  research  needs  to  be 
conducted.  As  stated  above,  real  data  should  be  collected  for  different  FARP  configurations  and 
aircraft.  Accurate  times  from  landing  to  take  should  be  measured.  In  addition,  failure  rates  such 
as  nozzles  not  working  or  lack  of  hose  pressure  could  be  added  to  ensure  a  more  valid  model. 
Once  this  research  has  been  conducted,  the  model  should  be  presented  to  the  Combined  Arms 
Support  Command  (CASCOM)  at  FT  Lee,  Virginia  for  review  and  approval. 
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APPENDIX  A 

Raw  Data  For  FARP  Operations 


AC 

Type 

Refuel- 

Best 

Refuel- 

Avg 

Refuel- 

Worst 

Rearm- 

Best 

Rearm- 

Avg 

Rearm- 

Worst 

Fat  Cow 

OH-58A 

4.75  min 

9.5  min 

10.6  min 

25.0  min 

30.0  min 

40.0  min 

OH-58C 

4.65  min 

9.3  min 

10.3  min 

25.0  min 

30.0  min 

40.0  min 

UH-60 

23.6  min 

47.2  min 

52.4  min 

N/A 

N/A 

N/A 

AH-64 

24.0  min 

48.1  min 

53.4  min 

35.0  min 

40.0  min 

50.0  min 

AAFARS 

OH-58A 

4.3  min 

8.6  min 

9.5  min 

25.0  min 

30.0  min 

40.0  min 

OH-58C 

4.2  min 

8.4  min 

9.3  min 

25.0  min 

30.0  min 

40.0  min 

UH-60 

21.0  min 

42.0  min 

47.2  min 

N/A 

N/A 

N/A 

AH-64 

21 .8  min 

43.7  min 

48.1  min 

35.0  min 

40.0  min 

50.0  min 

HTAR/M978 

OH-58A 

1 .2  min 

1.5  min 

2.0  min 

25.0  min 

30.0  min 

40.0  min 

OH-58C 

1.1  min 

1.5  min 

2.0  min 

25.0  min 

30.0  min 

40.0  min 

UH-60 

5.5  min 

6.0  min 

6.5  min 

N/A 

N/A 

N/A 

AH-64 

6.0  min 

6.5  min 

7.0  min 

35.0  min 

40.0  min 

50.0  min 

*NOTES: 

1 .  FARPs  do  not  normally  have  ammo  for  weapon  systems  on  utility  and  heavy  helicopters. 

2.  Arm  rates  are  based  on  times  required  to  fully  arm  by  a  well  trained  crew. 

3.  Refuel  rates  are  based  on  empty  fuel  tanks;  however,  most  aircraft  will  not  be  empty  when 
entering  FARP  sites. 

4.  If  chemical  clothing  is  worn  refuel  time  will  increase  four  min.  and  rearming  time  will  increase  by 
two  to  four  min. 

5.  During  night  missions  arming  times  will  be  thre  to  eight  min.  longer. 

6.  Arm  rates  do  not  include  boresighting.  (Special  equip,  is  needed) 
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Boeing  Corporation,  AH-64  Technical  Infonnation,  www.boeing.com,  May  2005 


AH-64A  Apache  Multi-Mission  Configurations 

Primary  Mission 

Starboard 

Wing 

M230  Gun 

Port  Wing 

Rate  of 

Climb 

Duration 

Combat 

4  Hellfire 

320  rds 
30mm 

4  Hellfire 

1450  fpm 

1.8 

hours 

(Anti-armor) 

Multi-role 

4  Hellfire 

1200  rds 
30mm 

4  Hellfire 

860  fpm 

2.5 

hours 

(Covering  force) 

19  FFAR  * 

1 9  FFAR  * 

Close-support 

8  Hellfire 

1200  rds 
30mm 

8  Hellfire 

990  fpm 

2.5 

hours 

(Anti-armor) 

Ground-support 

38  FFAR  * 

1200  rds 
30mm 

38  FFAR  * 

780  fpm 

2.5 

hours 

(Airmobile  escort) 
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Wmgtip  St.vboifdW.n<)  Cannon  Pori  Wmg  Wmgtip 


2ATAM  4  HclU.rc  1.200  Round!  4  Mellf.rc  2  ATAM 
19FFAR  30mm  19FFAR 

MULTI-ROLE  MISSION 

Wmgtip  Starboard  W.ng  Cannon  Port  Wing  W.ngt.p 


?  ATAM  8  Hellfire  UIO  Rounds  8  Hellfire  2  ATAM 
30mm 


CLOSE-SUPPORT  MISSION 


Wmgtip  Starboard  Wing  Cannon  Port  Wing  Wingtip 


2  ATAM  58  ffAR  1.200  Rounds  38  f  FAR  2  ATAM 

30mm 

GROUND-SUPPRESSION 


Mai  level 

Million 

Mnuon 

Flight  Speed 

Duration 

Range 

<Vm> 

138 

2.68 

470 

knots 

hours 

kilometers 

|  PERFORMANCE 

Mai  Level 

Mdtion 

Mnuon 

Flight  Speed 

Duration 

Range 

Wh) 

136 

2.67 

460 

knots 

hours 

kilometers 

PERFORMANCE 

Max  level 

Mnuon 

Mmion 

Flight  Speed 

Duration 

Range 

W 

140 

2.70 

485 

knots 

hours 

kilometers 

1  1 
PERFORMANCE 

Armament  Configurations  Based  on  the  Type  of  Mission  for  an  AH-64 
Global  Security,  AH-64  Technical  Data,  May  2005 
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